A novel Cd(II) ion imprinted interpenetrating polymer network (Cd(II)IIP) was prepared by free radical polymerization using alginic acid and NNMBA-crosslinked polyacrylamide in presence of initiator potassium persulphate. Cd(II)IIP showed higher capacity and selectivity than the nonimprinted polymer (NIP). The sorption capacities of Cd(II)IIP and NIP for Cd(II) ions were 0.886 and 0.663 meqmole −1 , respectively. Kinetics studies showed that the sorption process closely agreed with a pseudosecondorder model. The thermodynamic data suggest that the sorption is a spontaneous endothermic process. Equilibrium experiments showed very good fit with the Langmuir isotherm equation for the monolayer sorption process. Cd(II)IIP exhibited good reusability, and the sorption capacity of Cd(II)IIP was stable within the first 4 cycles without obvious decrease. Also Cd(II)IIP showed almost 100% removal efficiency for Cd(II) ions in real environmental water samples, indicating that Cd(II)IIP could have wide application prospects in Cd(II) ion removal.
Introduction
Water pollution is one of the most serious environmental problems of the present day. Water obtained from different sources is associated with a large number of impurities. Among them heavy metal toxicity is very crucial. Occurrence of toxic metals in lakes, ponds, ditch, and river water affect the lives of local people that depend on these water sources for their daily requirements [1] . Currently, anthropogenic inputs of metals exceed natural input. High levels of Cd, Cu, Pb, and Fe can act as ecological toxins in aquatic and terrestrial ecosystem [2, 3] . Cadmium, as a hazardous pollutant commonly present in the living environment, represents an important risk to human health. Cadmium and its compounds are highly toxic and exposure to this metal is known to cause cancer and targets the body's cardiovascular, renal, gastrointestinal, neurological, reproductive, and respiratory systems. The approach of bioremediation is an innovative tool with greater potential to remove heavy metal ions in water bodies. The method of ion imprinting has become one of the fast-growing technologies that have achieved a lot of attention recently especially in the area of materials science. The IIPs are synthesized on the principle of enzyme phenomenon whereby a monomer is altered by a polymerization that takes place in the presence of a template that will be later removed to create cavities that will recognize only the analyte of interest. Also, the international agency for research on cancer has classified cadmium as a human carcinogen [4] . Zhai et al. have reported selective solid-phase extraction of trace cadmium(II) ions with an ion imprinted polymer (IIP), prepared by a dual ligand monomer [5] . An imprinted organic/inorganic hybrid sorbent for selective separation of cadmium from aqueous solution has been proposed by Lu and Yan [6] . Cd(II) ion imprinted polymer containing epoxy resin has been synthesized and characterized by Pan and coworkers [7] . The designing and synthesis of cadmium (II) ion imprinted polymer are particularly important because cadmium is among the 13 toxic metal species on the priority 2 Advances in Environmental Chemistry pollutant list of the Environmental Protection Agency (EPA) [8] . Alginate is one of the most extensively investigated biopolymer for the removal of heavy metal ions from aqueous solutions [9] [10] [11] . There have been few reports on the synthesis of ion imprinted polymers for removal of Cd(II) from water samples [12] [13] [14] [15] . Thus, the extraction, preconcentration, and determination of trace cadmium from the natural water are very important and need much more attention.
In the present study, we aim to fabricate a novel type of Cd(II) ion imprinted interpenetrating polymer network using a natural biosorbent, alginic acid which is crosslinked by the hydrophilic crosslinker N,N methylenebis-acrylamide and template Cd(II) ion. The hydrophilic nature of crosslinker increased the swelling ability of polymer network which favours effective cadmium ion binding. The newly prepared interpenetrating polymer network is advantageous because it showed high sorption capacity and remarkable selectivity in Cd(II) ion separation from mixture of metal ions. Compared to the previous reports, the present IIP showed high sorption capacity and good reusability for Cd(II) ion and the synthesis of IIP involves clean technology and can be used for waste water treatment. The biopolymers are capable of removing metal ions. The method of preparation of the IPN can be considered as "green" and also simple, rapid, low cost, and environment friendly due to the use of aqueous medium.
Materials and Methods
Reagents of analytical and spectral grade were used for all experiments. Cadmium acetate used in the present study is of analytical grade (99% pure) and solutions were prepared by dissolving the required quantity of CdCH 3 (COO) 2 in millipore water. The monomers used in this study, namely, acrylamide (99.9% pure) and crosslinking agent NNMBA, were obtained from SRL (Mumbai). Alginic acid (98.5% pure) was obtained from Merk (India). Fourier transform infrared (FT-IR) spectra of the imprinted, nonimprinted, and the Cd(II) ion bound polymer networks were recorded between 4000 and 400 cm −1 , using a Perkin Elmer 400 FT-IR spectrophotometer and far IR spectra of Cd(II) ion bound polymer networks were recorded between 400 and 100 cm −1 using the same instrument. UV-vis spectrophotometric measurements were carried out using Shimadzu 2400 UV-vis spectrophotometer. SEM-EDAX were taken on JEOL-JSM-840A scanning electron microscope in nitrogen atmosphere. TG curves were recorded on a Shimadzu D-740 thermal analyser at a heating rate of 10 ∘ C min from 20 to 900 ∘ C in nitrogen atmosphere. The amount of metal ion sorbed per gram of imprinted and nonimprinted polymers from metal ion solutions was determined, using Perkin Elmer atomic absorption analyzer 300.
Preparation of Cd(II) Ion Imprinted (IIP) and Nonimprinted (NIP) Polymer
Networks. Alginic acid (7.5 g) was mixed with (0.64 g) of cadmium acetate in aqueous medium. This mixture was added to an aqueous solution of acrylamide (10.66 g) and N,N-methylenebisacrylamide (NNMBA) (7.71 g) and kept at 70 ∘ C in a water bath with stirring, using potassium persulphate (100 mg) as initiator. The polymer obtained was washed with water to remove unreacted monomer and with 2 N HCl to remove Cd(II) ion. The bulk polymer obtained was dried, sieved, and weighed. Nonimprinted polymer networks were also prepared using the same procedure without metal ions.
Metal Ion Binding.
In order to investigate specific rebinding capacity, Cd(II) ion imprinted and nonimprinted polymers (500 mg) were equilibrated with Cd(II), Co(II), Cu(II), and Ni(II) (1-5 ppm, 10 mL) ion solution. The concentration of template metal ion solution before and after binding was determined by atomic absorption spectrophotometry (AAS).
Swelling
Studies. 100 mg of Cd(II) ion imprinted, nonimprinted, and corresponding Cd(II) bound polymers was allowed to swell in 10 mL water for 24 h. After 24 h, the polymers were filtered and surface water was carefully wiped off, and the final swollen weight was determined. From the swollen and the dry weights of the sample, the EWC (%) was calculated, using the following equation:
weight of wet polymer − weight of dry polymer weight of dry polymer × 100.
(1)
Optimization of the Cd(II) Ion Rebinding Conditions.
In order to optimize the conditions of Cd(II) ion rebinding by imprinted and nonimprinted polymers, factors affecting rebinding such as effect of concentration, time, and pH of the Cd(II) ion solution on binding were investigated.
Effect of Concentration.
The batch-wise metal ion binding experiments were carried out using (500 mg) of imprinted and nonimprinted polymer to evaluate the effect of concentration of template solution on rebinding.
From the difference in concentration of template solution before and after incubation, the amount of Cd(II) ion bound was determined. Similar rebinding studies at various concentrations of metal ion (1-5 ppm, 10 mL) were carried out and analyzed by AAS.
Effect of Time.
The time required for maximum binding was determined by batch equilibration method. 500 mg of imprinted and nonimprinted polymers was equilibrated with (5 ppm, 10 mL) of Cd(II) ion solution and metal ion bound was determined at regular intervals of time and analyzed by AAS.
Effect of pH on Cd(II) Ion
Binding. About 100 mg of imprinted and nonimprinted polymers was equilibrated with Cd(II) ion (5 ppm, 10 mL) at different pH. After the removal of polymer particles, the amounts of Cd(II) ion bound at each pH were determined by AAS.
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Sorption Kinetics Models.
Different sets of imprinted polymer (100 mg) were equilibrated with Cd(II) ion solution (5 ppm, 10 mL) at room temperature using a thermostat. After removing the polymer particles, the remaining concentration of Cd(II) ion was determined at equal intervals of time and analyzed by AAS. To describe the adsorption kinetic behavior of Cd(II) ion imprinted polymer network, two types of kinetic models were tested, namely, the pseudofirst-order model and pseudosecond-order model. The binding agrees with pseudosecond-order equation.
Effect of Temperature.
The effect of temperature on the sorption of Cd(II) ion on imprinted polymer network was investigated. Imprinted polymer and nonimprinted polymer (100 mg) were equilibrated with cadmium ion solution (10 mL, 5 ppm), at temperature varying from 25 to 40 ∘ C. The Cd(II) ion bound at each temperature was determined by AAS. The thermodynamic parameters such as Δ , Δ , and Δ were calculated by applying the van't Hoff equation. Consider
where Δ is change in free energy (kJmole −1 ), Δ is the change in enthalpy (kJmole −1 ), Δ is the change in entropy (kJmole
, is the absolute temperature (K), is the gas constant, and is the equilibrium constant.
Selectivity Studies.
Selectivity studies were carried out by column experiment. Cd(II) ion imprinted polymer (1 g) was slurred with demineralized water (DMW) and then poured into a Pyrex glass column (id.40 mm) plucked with small portion of glass wool at the bottom. The column was preconditioned by passing DMW followed by the mixture of metal ion solution (5 ppm, 10 mL) that was passed through the column at a flow rate of ∼0.5 mL min −1 . The eluted solution was collected and the amount of metal ion bound was determined by atomic absorption spectrophotometric method.
Results and Discussion

Synthesis of Cd(II) Ion Imprinted and Nonimprinted
Interpenetrating Polymer Networks. The Cd(II) ion imprinted polymer networks were synthesized by free radical polymerization of acrylamide and N,N-methylenebisacrylamide (NNMBA) in presence of alginic acid. Potassium persulphate (100 mg) was used as initiator and Cd(II) ion was used as template, and the polymerization was carried out at 70 ∘ C (Scheme 1). The bulk polymer obtained was washed with water to remove unreacted monomers and with dilute HCl to remove Cd(II) ions. The polymer was dried, crushed, and sieved. Nonimprinted polymer networks were also prepared without using the template metal ion.
Characterization of NNMBA-Crosslinked Cd(II)
Ion showed bands at 2953 cm −1 due to C-H stretching vibrations.
UV-Vis Spectra.
UV-vis spectra of Cd(II) ion imprinted interpenetrating polymer networks and the corresponding Cd(II) ion bound polymer networks are shown in Figure 1 . Cd(II) ion imprinted polymer showed bands at 615, 544, and 434 nm. After Cd(II) ion binding imprinted polymer, these bands are shifted to 663, 623, and 540 nm. Similar trends are seen in nonimprinted polymers. The shift in wavelength to higher region indicates structural changes that occurred on molecules. As a result of interaction of Cd(II) ion with nonbonding electrons in the carboxylate group of alginic acid, a shift in the wavelength maxima takes place. This might be due to → * transitions. Ligand to metal charge transfer bands are obtained at 294 and 327 nm in imprinted and Cd(II) ion bound polymers. 
X-Ray Diffraction
Patterns. X-ray diffraction patterns of Cd(II) ion imprinted and bound polymers are shown in Figure 2 . The XRD patterns of both polymers exhibited similar patterns, which indicate an amorphous nature. Generally, the amorphous compounds are denoted by very broad halo peaks. XRD patterns of both imprinted and metal ion bound polymers did not show any strong reflection peaks in the 2 theta regions 20 to 60 ∘ , indicating the amorphous nature for Cd(II) ion bound and unbound polymers.
SEM-EDAX.
The chemical composition of the imprinted and nonimprinted polymer networks were confirmed by SEM-EDAX. The presence and complete removal of Cd(II) ion in imprinted and Cd(II) bound polymers, respectively, were confirmed by SEM-EDAX. As shown in Figure 3 , the signal due to Cd(I1) was clearly presented for Cd(II) bound imprinted polymer but was absent in cadmium ion desorbed polymer. 3.5. Thermogravimetric Analysis. Thermogravimetric analysis of imprinted, nonimprinted, and the corresponding Cd(II) ion bound interpenetrating polymer networks reveals the variation of thermal stability with Cd(II) ion binding ( Figure 4) . The thermal decomposition behavior of a metal ion bound polymer depends on the macromolecular characteristics of the polymer support and the type of coordination geometry [16] . The decomposition of ion imprinted and nonimprinted polymers occurring at three stages and their corresponding Cd(II) ion bound polymer networks requires two stages. In all cases, the first stage decomposition corresponds to decomposition of the carboxylate group or uncomplexed ligands. The second stage is the major decomposition in which polymer chain breaks leaving only the metallic residue. Thermogravimetric analysis of imprinted polymer showed 15% weight loss at about 80-120 ∘ C, which is ascribed to the removal of carboxylate group or uncomplexed ligands. During the second stage of decomposition at 300-400 ∘ C, 50% weight loss is observed which is attributed to the decomposition of polymer chain, while in Cd(II) bound polymer the decomposition was in the range 150-500 ∘ C, resulting in a mass loss of 55%. Nonimprinted polymer networks also decompose in a similar manner. The temperatures for maximum weight loss ( max ) for imprinted polymer and Cd (II) ion bound polymer networks were 310 and 390 ∘ C, respectively. From the Figure 4 , it is clear that thermal stability of Cd(II) bound interpenetrating polymer networks is much higher than that of uncomplexed polymers.
Swelling Studies.
The efficiency of a functional polymer is governed by the accessibility of the reactive functional groups anchored on it, which in turn depends on the extent of swelling and solvation [17] . The metal ion binding studies of the interpenetrating polymer networks in aqueous medium were influenced by the extent of swelling. A good solvent brings the crosslinked polymer to a state of complete solvation and the polymer network can expand to form a gel. The extent of swelling was dependent on the nature of the polymer backbone, molecular character, and extent of crosslinking agent. The swelling behavior of Cd(II) ion imprinted and nonimprinted polymers and their corresponding Cd(II) bound polymer networks was investigated (Table 1) . Maximum EWC (%) was obtained for Cd(II) ion imprinted polymer and it decreases on metal complexation.
Binding Studies with Metal Ions.
The effect of initial concentration of metal ion solution on its sorption was investigated by varying the concentration of the metal ions, such as Cd(II), Co(II), Cu(II), and Ni(II) ions. The imprinted and nonimprinted polymer networks (500 mg) were equilibrated with metal ion solution (1-5 ppm, 10 mL); the concentration of template before and after binding was determined by atomic absorption spectrophotometry. It was noted that, as the concentration increases, binding of metal ion increases ( Figure 5 ). This result could be explained on the basis of a high driving force for mass transfer, where the increase in concentration of metal ion increases the competition to occupy all the available coordination sites in the adsorbent.
Effect of Time on Metal Ion Binding.
To optimize the time taken for maximum binding of Cd(II) ion by imprinted and nonimprinted polymer networks, 100 mg of polymer networks was equilibrated with Cd(II) ion solution (10 mL, 5 ppm) and the binding was followed by AAS at definite intervals of time. The time dependence of adsorption capacities of Cd(II) ions on imprinted and nonimprinted polymers was given in Figure 6 . High adsorption rates were observed at the beginning of the adsorption process, after which adsorption equilibrium was quickly reached within 90 min for imprinted polymer network and 80 min for nonimprinted polymer network. The imprinted polymer networks possessing complementary binding site required more time to attain saturation, since the template metal ion has to penetrate through highly crosslinked interpenetrating polymer networks. In nonimprinted polymer networks, there is no such specific arrangement of the binding sites. The maximum adsorption capacity for Cd(II) ions was 0.87 meqg −1 of imprinted polymers. This fast adsorption equilibrium is due to high complexation rate and matching of the incoming Cd(II) ions and Cd(II) cavities in the network structure.
Effect of pH on Metal Ion
Binding. The pH of the medium is one of the most important factors controlling the sorption of metal ions by adsorbent. The sorption of Cd(II) ion uptake at different pH was examined at equilibration by equilibrating imprinted and nonimprinted polymer (100 mg) with (10 mL, 5 ppm) metal ion solution at varying pH and the metal ion bound was determined by AAS. Sorption of metal ion increases with increase in pH of the medium and then decreases (Figure 7 ). It could be attributed to the fact that, at low pH, metal competition between the metal ion and the H + ion favors protonation of carboxylate groups, thus lowering the metal ion binding. But at higher pH of the medium, the protonation decreases and as a result metal ion uptake increases.
Sorption Studies.
The effect of concentration of Cd(II) ion solution on sorption rate and capacity was studied. Definite amounts of imprinted and nonimprinted polymers were added to fixed amount of Cd(II) ion solution (5 ppm). The solutions were shaken in closed flasks. At regular intervals of time, Cd(II) ion bound was determined by AAS. The sorption characteristics were assessed by plotting both Langmuir's and Freundlich's isotherms. The Langmuir equation can be written as where (mgL −1 ) is the equilibrium concentration, (meqg −1 ) is the adsorption amount in equilibrium, is the maximum adsorption amount, and is the Langmuir constant related to adsorption capacity and energy of adsorption.
For Langmuir's isotherm, / is plotted against , and a straight line graph with 2 value 0.9984 was obtained (Figure 8 ).
Freundlich's equation can be written as
where is the Freundlich's constant and is the Freundlich's exponent. For Freundlich's isotherm, log is plotted against log , and a straight line graph with correlation coefficient 0.944 was obtained (Figure 9 ). By comparison of the adsorption isotherms of cadmium ion imprinted polymer with Langmuir's and Freundlich's models, it is found that Advances in Environmental Chemistry the experimental data is in agreement with Langmuir's isotherm better than that of Freundlich's isotherm.
Langmuir Isotherm. See Figures 8 and 9.
3.12. Effect of Temperature. The effect of temperature on the adsorption process was investigated for the adsorption of cadmium ion on the imprinted polymer by batch equilibration method and the amount of template bound at each temperature was determined by AAS. The temperature was varied from 25 to 40 ∘ C. The obtained results showed that increase in temperature favours the sorption process. Thermodynamic parameters were calculated using the following equation:
where = ,
, is the absolute temperature (K), is the gas constant, and is the equilibrium constant. When log is plotted against / , a straight line graph is obtained with slope −Δ /2.303 and the values of Δ and Δ were obtained from the slope and intercept of the van't Hoff plot (Figure 10) . The values of Δ , Δ , and Δ for the plot shown in Figure 10 are found to be 165.2, −204 kJmole −1 , and 232.6 kJmole
The negative value of Δ indicates the feasibility and spontaneous nature of sorption process. The value of Δ was positive indicating that the binding was endothermic in nature and the positive value of Δ suggested an increase in randomness during the sorption process. 
where 2 (gmgmin −1 ) is the second-order Lagergren constant of adsorption and (meqg −1 ) and (meqg −1 ) are the quantities of metal ions adsorbed at time (min) and at equilibrium, respectively. The adsorption kinetics of cadmium ion imprinted IPN was confirmed to the pseudosecondorder Lagergren equation with 2 = 0.999. The value of 2 calculated from the slope is 0.0412 min −1 . Figure 12 ). Some important parameters including adsorption capacity, distribution ratio, selectivity factor of Cd(II) ion with respect to the other ions, and relative selectivity factor were calculated (Table 2 ) from the following equations:
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where represents the sorption capacity (meqg −1 ) and is the equilibrium concentration of metal ions (mg L −1 ).
Cd and (mLg −1 ) represent the distribution ratios of Cd(II) and other competitive ions, respectively; , , and represent the relative selectivity coefficient, the selectivity factor of imprinted sorbent, and the selectivity factor of nonimprinted sorbent, respectively.
To investigate the Cd(II) ion selectivity of the imprinted polymer networks, competitive sorption of Mn(II), Co(II), Ni(II), Cu(II), and Zn(II) ions was carried out by column experiment, in which 1 g of imprinted polymer was treated with (10 mL, 5 ppm) solution of these metal ions. After sorption equilibrium was reached, the concentration of metal ions in the remaining solution was measured by AAS. The functional host molecules on the imprinted polymer networks are immobilized with the strict configuration suitable for cadmium ions, and the ionic recognition is influenced by the nature of metal ion and ionic radius and charge. The results revealed that Cd(II) ion imprinted polymer networks showed high selectivity towards cadmium ion from cadmium-zinc mixture, and maximum separation is obtained depending on the selectivity coefficient. In cadmium-copper mixture, low selectivity coefficient value is obtained. But from the cadmium-nickel mixture, the ion imprinted polymer showed considerable selectivity (Figure 12 ).
Reusability Studies.
Reusability of cadmium ion imprinted polymers was investigated by elution operations and the results are given in Figure 13 . The elution operations were carried out with 4 mL of HCl (3 N) and found as the optimum elution condition. The calculated percent recovery of the imprinted polymer showed no considerable decrease after 8 cycles of repeated experiments. The percentage recovery of the recycled IIP could still be maintained at 98% at the 8th cycle. It can be concluded that the Cd(II) ion imprinted polymer can be used for many times without significant decrease in its sorption capacity.
Analytical Precision and Detection Limits.
Under the selected conditions, eight portions of standard solutions were enriched and analyzed simultaneously following the general procedure. The relative standard deviations (R. S. D.) of the method was lower than 2.2%, which indicated that the method had good precision for the analysis of trace Cd(II) ion in solution samples. In accordance with the definition of IUPAC, the detectionlimit of the method wascalculated based on three times of the standard deviation of 11 runs of the blank solution. The detection limit (3 ) of the proposed method was 0.34 ng⋅mL −1 . Table 4 .
Conclusions
The present paper demonstrates the preparation of Cd(II) ion imprinted and nonimprinted interpenetrating polymer networks using functional polymer alginic acid and NNMBAcrosslinked polyacrylamide. The synthesised imprinted and nonimprinted interpenetrating polymer networks were characterized by FT-IR, UV-vis, SEM-EDAX, XRD, and TGA. The Cd(II) ion sorption was relatively fast. The maximum sorption capacity for Cd(II) ions was 0.8861 meqmole −1 of imprinted polymer. The fast sorption equilibrium is most probably due to high complexation and geometric affinity between Cd(II) ions and the cavities in the network structure.
The sorption values increased with increasing concentration of Cd(II) ions. Langmuir model was found to be applicable in interpreting Cd(II) ion sorption on the Cd(II) ion imprinted polymer and the adsorption kinetics was described by the pseudosecond-order kinetic model. Maximum swelling was obtained for Cd(II) ion imprinted and nonimprinted polymers rather than imprinted complexes. The sorption values increased with increase in pH and a saturation value was obtained at pH 6.9. Thermodynamic parameters were calculated using the van't Hoff equation and the sorption of Cd(II) ion on imprinted polymer networks was spontaneous and endothermic in nature and entropy of sorption increases during the reaction. Cd(II) ion imprinted interpenetrating polymer networks exhibited much high selectivity. The analytical results obtained in these investigations suggested that the sorbent may be used as an inexpensive and effective polymer for the removal of cadmium ion from aqueous solution and was successfully applied for the separation of Cd(II) ion from environmental water samples.
